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INTRODUCTION

	 Extra-articular fractures of the distal tibia are com-
mon. Such fractures are often difficult to treat, since 
they are close to the ankle joint and usually associ-
ated with severe comminution and soft tissue in-
jury. They should be treated with internal fixation 
because conservative treatment and external fixation 
are likely to cause loss of reduction and malunion, or 
pin tract infection with external fixation.1 But which 
is the best operative method of internal fixation has 
not been conclusive. Plate fixation and intramedul-
lary nail are two well-accepted and effective meth-
ods. Plate fixation for distal tibial fractures can 
achieve anatomical reduction, but may result in de-
layed union non-union or soft-tissue complications.
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ABSTRACT
Objectives: To evaluate the outcome of intramedullary nail and plate fixation for the treatment 
of extra-articular fractures of the distal tibia and to determine whether there are sufficient 
objective data in the literature to compare the two methods.
Methodology: A comprehensive search of all relevant articles from Jan 1975 to Dec 2011 
was conducted. Two reviewers evaluated each study to determine its suitability for inclusion 
and collected the data of interest. Meta-analytic pooling of group results across studies was 
performed for the two treatment methods.
Results: The systematic review identified 22 primary studies with 880 fractures including 15 
groups of intramedullary nail and 15 groups of plate. For extra-articular distal tibia fractures, 
shorter healing time can be achieved by using the intramedullary nail, but the malformation 
rate was significantly higher than in the plate group. The average operating time in the 
intramedullary nail group was longer than in the plate group, but the difference was not 
statistically significant. No statistically significant difference was found when comparing the 
rates of infection, rotation, shortening, delayed union and nonunion. The reoperation rate was 
higher in the intramedullary nail group compared with the plate group, but the difference was 
also not statistically significant.
Conclusions: The functional and efficacy outcomes appear to be similar between the two 
treatment groups. Thus the patient’s general condition and the surgeon’s preference dictate 
the choice of surgical technique.
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	 Intramedullary nail can reduce the damage 
to soft tissue, but may result in malunion, 
breakage of the nail and locking screws and risk 
of propagation of the fracture into the ankle joint. 
Both techniques provide reliable fixation but both 
are associated with specific complications. There is 
little information regarding the functional recovery 
following either procedure. Over the last 20 years, 
clinicians have made many attempts to treat this 
fracture with intramedullary nail and plate fixation 
and there have been numerous articles about this. 
To clarify the advantages and disadvantages of 
each method, a meta-analysis was performed for 
the two treatment methods through comprehensive 
search, review, extracting and analyzing data of all 
relevant articles. We hope that the better method 
will be found out between the two through the 
analysis. With this attempted meta-analysis, the 
advantages and disadvantages of the two methods 
were summed up respectively. We believe that it 
will be helpful to make wiser clinical decisions to 
benefit the patients ultimately.

METHODOLOGY

	 Meta-analysis is a statistical technique for 
combining the findings from independent studies. 
Before starting the systematic search, the research 
question, inclusion and exclusion criteria, the 
treatments of interest and the outcomes of 
interest were defined. Every step of this research 
was completed by two authors separately and 
independently.
Inclusion Criteria: 1. Literature written in the Eng-
lish language. 2. The articles that reported extra-
articular fractures of distal tibia. 3. The literature 
involving type 43A or 43B1 or 43C1 or 42A-C by 
AO/OTA classification. 4. Age of patients ≥19 years 
old. 5. Average time of following up ≥6 months. 6. 
Number of cases ≥9.
Exclusion Criteria: 1. Extra-articular fractures of the 
distal tibia were treated with external fixator or non-
surgical treatment. 2. Stress fractures, pathologic 
fractures or childhood fractures. 3. Mixed reports 
of intra-articular and extra-articular fractures. 4. 
Biomechanical models, animal studies, review 
articles, isolated case reports, technique papers. 5. 
Complex intra-articular fractures.
Treatment of Interest: The treatments of interest 
included intramedullary nailing and plate fixation 
with or without bone grafting. It means that all 
the studies about extra-articular fractures of the 
distal tibia treated with intramedullary nailing and 
plate fixation were included regardless of with or 

without bone grafting. And it was found that the 
separate data was too difficult to extract.
Outcomes of Interest: The outcomes of interest in-
cluded operating time, fracture healing time, com-
plications such as infection, malunion, angulation, 
rotation, shortening, delayed healing, non-healing, 
reoperation. Infection was defined as clinical evi-
dence of superficial infection, deep infection and 
osteomyelitis. Several times or types of infection 
that occurred in the same patient were considered 
as one case of infection. Malunion was defined as 
shortening of more than 1 cm, axial angulation of 
more than 5º and angular rotation of more than 10º. 
Delayed healing was defined as healing time of 6~9 
months and more than 9 months for non-healing. 
Reoperation includes the dynamization of the in-
tramedullary nail, bone grafting for delayed heal-
ing, debridement for postoperative infection, re-
placement of internal fixation and fixation removal 
due to complications.
Search Technique: A comprehensive search of Med-
line and Embase using the key words “distal”, 
“tibia” and “fracture” revealed over 1500 articles. 
After limiting the search to clinical trials in English 
and excluding pediatric age groups as well as bio-
mechanical and animal studies, 621 articles were 
identified in the period from January 1975 to Dec 
2011. Then the abstracts or original articles were 
reviewed to determine whether they could be in-
cluded. Finally, 22 articles2-23 met the inclusion but 
not the exclusion criteria (Table-I).
Statistical Analysis: All included patients were 
divided into the intramedullary nail group and 
the plate fixation group. Meta-analytic pooling of 
group results across studies was performed for the 
two treatment methods. There were two statistical 
methods which were direct sum and meta-weight-
ed. 95% confidence interval (95% CI) was calculated 
in the indicators of meta-weighted method. The χ2-
test was used to test the difference (P <0.05 indicat-
ed statistically significant difference). All statistical 
analysis was performed by SAS 9.1.3 (SAS Institute 
Inc., Cary, NC, USA) and STATA 7.0 (StataCorp LP, 
College Station, TX, USA).

RESULTS

	 The systematic review identified 22 primary 
studies with 880 fractures (Table-II) including 
15 groups of intramedullary nail and 15 groups 
of plate. The average operating time in the 
intramedullary nail group was longer than in the 
plate group, but the difference was not statistically 
significant. The average healing time in the 
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intramedullary nail group was statistically shorter 
than the plate group (Table-III). No statistically 
significant difference was found when comparing 
the rates of infection, rotation, shortening, delayed 
union and nonunion. The reoperation rate was 
higher in the intramedullary nail group compared 
with the plate group, but the difference was also 
not statistically significant. The malunion and 
angulation rates were statistically higher in the 
plate group (Table-IV).

DISCUSSION

	 The treatment of extra-articular fractures of the 
distal tibia is controversial. Good reduction and 
strong fixation can be achieved with plating, but 
this technique tends to disrupt the periosteal blood 
supply and increases the risk of infection, delayed 
union and nonunion.5-7,12,14 It was reported that the 
incidence of infection was 23.3% including super-
ficial infection in 6 cases and deep infection in 1, 
out of 30 cases of plating, with average follow-up 

time of 24 months.6 A straight incision was made 
over the anterior border of distal tibia and anatomic 
plate and screws were used in this study. The plate 
was applied, which covers the anterior aspect of 
distal tibia and twisted upward to fit the lateral sur-
face of the tibial shaft. The bias of outcomes may 
exist because of the limited number of cases in this 
study. And because of the limitations of each study, 
a meta-analysis is needed. The weighted average 
incidence of infection in plate group is 9.2% (95%CI: 
4.7% - 13.7%) in our study.
	 Ahmad et al used plating in 17 patients and 
reported a success rate of only 76.4%. Plating 
was preferred to nailing in the past because of 
restrictions in intramedullary nail technology, but 
with progress in that field, intramedullary nailing is 
being performed more and more often. Advocates of 
intramedullary nailing state that this technique can 
protect blood supply reduce soft tissue destruction 
and lower the incidence of postoperative infection 
and delayed healing.3-8,10-14,17
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Table-I: Selected Articles.

Article	 Study Design	 Fixation Type	 Ture N

Bostman O,et al*	 Case Series 	 IN	 32
Egol KA,et al*	 Retrospective C	 IN	 25 and 47**
Ehlinger M,et al*	 Case Series	 IN	 42
Guo JJ,et al*	 Prospective C	 IN vs PF	 44 and 41
Im GI,et al*	 Prospective C	 IN vs PF	 34 and 30
Janssen KW,et al*	 Case Control 	 IN vs PF	 12 and 12
Krishan A,et al*	 Case Series	 IN	 25
Nonnemann HC,et al*	 Case Series	 IN	 64
Obremskey WT,et al*	 Retrospective C	 IN	 38 and 18***
Tyllianakis M,et al*	 Case Series	 IN	 73
Vallier HA,et al*	 Retrospective C	 IN vs PF	 76 and 37
Wu CC,et al*	 Case Series	 IN	 28
Yang SW,et al*	 Retrospective C	 IN vs PF	 13 and 14
Borg T,et al*	 Case Series	 PF	 21
Manninen MJ,et al*	 Case Series	 PF	 20
Ahmad MA,et al*	 Case Series	 PF	 17
Ozkaya U,et al*	 Retrospective C	 PF	 21 and 22****
Redfern DJ,et al*	 Case Series	 PF	 20
Shantharam SS,et al*	 Case Series	 PF	 8
Sheerin DV,et al*	 Case Series	 PF	 15
Sohn OJ,et al*	 Case Series	 PF	 10
Oh CW,et al*	 Case Series	 PF	 21

*Studies used in statistical analysis; **Two fixation types were considered as two studies (25 with fibulas fixed and 
37 not); ***Operations performed by different doctors were considered as two studies (38 by orthopedic surgeon 
and 18 by emergency doctor); ****Fractures fixed by two types of plate were considered as two studies (21 by 
ordinary plate and 22 by locking plate); True N, meaning that only those patients who were followed up and/or 
met exact inclusion/exclusion criteria out of total patient population.
Retrospective C=Retrospective Comparative Study; Prospective C=Prospective Comparative Study; IN= 
Intramedullary Nail; PF=Plate Fixation.
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	 However the intramedullary nail does not solve 
the problem of line of force. It was associated with 
more malalignment versus plating, 24 because of 
that it is difficult to achieve and maintain a good 
reduction with intramedullary nail.25 In 6 out of 
25 patients axial angulations of over 5 degrees 
were reported, which represents an angulation 
rate of 24%8 Intramedullary nails were also used 
in the treatment of extra-articular fractures of the 
distal tibia in 42 cases including 14 cases with axial 
angulations over 5° and the angular deformity 
rate reached 33.3%.4 However, it was revealed that 
there was no significant difference of malunion rate 
between plate and nail in some studies.26,27 But those 
opinions were mainly based on personal experience 
and small samples. The results of the research 
differed greatly and it is not easy to determine the 
superiority of each treatment from those various 
data. As such we collected previous data for analysis 
in order to provide more conclusive evidence-based 
results. 
	 According to our statistical analysis, the average 
operating time was longer in intramedullary nail 
group than the plate group. The shape of the tibial 
marrow cavity is like an hourglass, that is, thick at 
both ends and thin at the middle so that the bone 
can be firmly affixed by an intramedullary nail only 
in the middle part of the bone. Therefore there are 
different surgical techniques involved depending 
on whether one is dealing with midshaft or distal 

tibial fractures. In cases of midshaft fractures, the 
distal fragment reduces itself when the intramed-
ullary nail is inserted, but this does not happen 
with fractures of the distal tibia, which require an 
additional reduction step. But because of experi-
ence of the surgeon and other individual factors, 
the difference in operating time between the two 
methods was not statistically significant (P=0.143). 
Intramedullary nailing was recommended by many 
authors mainly because plate fixation was thought 
to increase the risk of infection.7,14 According to the 
comparison of 571 cases treated with intramedul-
lary nail and 309 treated with plate in this study, 
the observed rate of infection of intramedullary nail 
group (5.7%) was lower than the plate group (9.2%), 
but the difference was not statistically significant (P 
= 0.139).

A meta-analysis on distal tibia fractures

Table-II: Information of the patients.

	 Intramedullary Nail Group	 Plate Group

	 Studies	 Results/Case N	 Studies	 Results/Case N

Case N	 15	 571	 15	 309
Male/Patients	 12	 312/463*	 12	 185/274**
Average age(year)	 15	 39.4/571	 13	 43.7/286***
Follow-up time(month)	 15	 21.1/571	 15	 22.9/309
Evaluation Scale	 6	 /	 10	 /
OMA	 3	 85.7/89	 3	 87.6/65
AOFAS	 1	 86.1/44	 5	 83.9/116
KSRS	 1	 139/12	 1	 146/12
IOWA	 /	 /	 1	 84.5/10
*there was no gender information in three studies in the Intramedullary Nail Group.
** there was no gender information in three studies in the plate Group.
***there was no age information in two studies in the plate group.
OMA=Olerud and Molander ankle scores, which was developed by C. Olerud (Department of Orthopaedic Surgery, Univer-
sity Hospital, Uppsala, Sweden) and H. Molander (Department of Orthopaedic Surgery, County Hospital, Falun, Sweden) to 
provide a scoring system for evaluating symptoms after ankle fractures in 1984.
AOFAS = American Orthopaedic Foot & Ankle Society, here means Clinical Rating System for the ankle-hindfoot developed 
by AOFAS in 1994.
KSRS=Knee Society Rating System, which was developed by The Knee Society of the USA to provide an evaluation form of 
the knee in1989.
IOWA is a state of the USA. IOWA ankle rating system was developed by the Department of Orthopaedic Surgery, Univer-
sity of Iowa Hospital and Clinics to provide an evaluation form of the ankle in 1989.

Table-III: Comparison of the operating 
time and healing time of the fracture.

	     Average	         Average 
	 operating time	    healing time of
	    (minutes)	 the fracture (weeks)

Intramedullary	 91.9/194	 18.1/435
  Nail Group
Plate Group	 82.3/167	 20.4/301
P	 0.143	 0.000*

*P <0.05, the difference is statistically significant.



	 There are different blood supplies inside and 
outside of the tibia. The periosteal blood vessels 
originate from anterior and posterior vessels of 
the tibia, nourishing one fifth to one third of the 
lateral cortical bone. The remaining bone cortex 
and endosteum are supplied by the metaphysis 
vessels and nutrient vessels.28 Indeed, the reaming 
process results in the destruction of all vessels 
in the medullary canal.  But after reaming and 
implantation of a medullary nail, the vessels grow 
into the gaps between nail and bone and then gain 
access to the widened Haversian canals. At the same 
time, periosteal vessels grow into the cortical bone. 
The extent of revascularization can vary in one cross-
section.29 In fact; the intramedullary nail does not 
affect the blood supply at the fracture area, while the 
plate does.  In our study, the average healing time 
was shorter in the intramedullary nail group than in 
the plate group and the difference was statistically 
significant (P = 0.000). Prognostic differences 
also existed between the two methods. Observed 
malunion rate was 14.7% in the intramedullary 
group, higher than the plate group (5.5%) and there 
was a statistically significant difference (P = 0.043). 
Malunions in the intramedullary nail group were 
mainly angular deformities with a weighted rate 
of 12.8% compared to 3.1% in the plate group, this 
difference proving to be statistically significant (P 
= 0.009). Malunion was defined as shortening of 
more than 1 cm (shortening), axial angulation of 
more than 5°(angulation) and angular rotation of 
more than 10°(rotation). The differences of rotation 
and shortening deformity were not statistically 
significant. Intramedullary nail is not good at 
maintaining rigid fixation and alignment. As 
mentioned earlier, the tibial marrow cavity cannot 
adapt to the intramedullary nail because of its 
hourglass-shaped structure so that anti-torsion and 
anti-angulation ability was greatly reduced.
	 There was no statistically significant difference 
in delayed union rate and nonunion rate between 
the intramedullary nail group and plate group. The 
reoperation rate was higher in the intramedullary 
nail group than the plate group, but the difference 
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was not statistically significant (P = 0.257). Other 
surgery-related complications and postoperative 
functional scale scores weren’t pooled and analyzed 
because the reports were relatively scattered 
and there was no uniform method of outcome 
assessment.
	 According to the results of this study, the 
fracture can heal a little faster with the application 
of intramedullary nail so that functional exercises 
can be started earlier whereas the risk of malunion 
is obvious lower in the plate group. In addition, 
the infection incidence is not higher with the 
plate fixation as we thought before. Therefore, 
to some extent overall the plate is superior to the 
intramedullary nail.

CONCLUSION

	 In summary, with ideal reduction and 
maintenance, plate fixation is a recommended 
method for extra-articular fractures of distal tibia 
unless there is severe injury of the soft tissue. But 
the functional and efficacy outcomes appear to 
be similar between the two treatment groups. 
Therefore, the choice of surgical procedure should 
be based on the individual condition of the patient 
and the surgeon’s preference ultimately.
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